With a pair of antennas spaced apart, an airborne passive location system measures phase differences of emitting signals. Regarded as cyclic ambiguities, the moduli of the measurements traditionally are resolved by adding more antenna elements. This paper models the cyclic ambiguity as a component of the system state, of which the observability is analyzed and compared to that of the bearings-only passive location system. It is shown that the necessary and sufficient observability condition for the bearings-only passive location system is only the necessary observability condition for the passive location system with phase difference measurements, and that when the system state is observable, the cyclic ambiguities can be estimated by accumulating the phase difference measurements, thereby making the observer able to locate the emitter with high-precision.
Introduction 1
The airborne passive location and tracking system, which intercepts the electromagnetic waves emitted by targets, has played a major role in avionic reconnaissance and anti-radiation unmanned aerial vehicle (UAV) homing guidance. The accuracy of the emitter's location is determined by the measurement precision and the geometrical constraints of the observer relative to the emitter. The conventional widely-used passive location technique with bearings-only measurements is difficult to meet the requirements of today's applications in that it is deficient in accuracy and speed. With an angular accuracy of nearly 1°-2° at present, the avionic device is found to be hard to enhance the angular accuracy further due to the limitation of the antenna aperture. To find a solution to this problem, the long baseline interferometer(LBI) passive loca-*Corresponding author. Tel.: +86-13975197690.
E-mail address: drden@sina.com tion technology incorporated with phase difference measurements becomes a main objective to the researchers and designers [1] [2] [3] . Generally, the phase difference measurements of LBI are remainders mod 2 . They may have moduli which are regarded as cyclic ambiguities. Traditionally, by adding more antenna elements, the cyclic ambiguities are resolved [4] [5] . In this paper, an airborne passive location system with two antenna elements LBI is analyzed. It is presented that, by accumulating the phase difference measurements in a short period, the cyclic ambiguities can be estimated. Therefore, the observer with two antenna elements LBI is capable of locating the emitter with high-precision.
Mathematical Model
For the sake of simplicity, discussions are limited only to the analysis of two-dimensional target motion assuming that the emitter typically has a 
is the maneuver of the observer. Fig.1 shows a two antenna elements LBI mounted on an airborne observer. Let be the phase difference measured from the intercepted emitter's signals, then
where is the wavelength of the emitting signal, 
Observability Conditions
In the bearings-only tracking problem, the nonlinear measurement equation could be rewritten into a linear form, which is referred to as a pseudolinear observation equation, then the linear system theory could be used to analyze the system's observability [6] . Nevertheless, the observation equation Eq.(3) could not be linearized through algebraic approach, so the following theorem should be resorted to analyze the observability [7] . Observability theorem The system Eq. (5) 
Here, Eq. (10) is the necessary and sufficient condition for the system to have observability with bearings-only measurements [8] . From Eq.(10), can be obtained [8] [9] 
where ( ) t is an arbitrary scalar function. Conclusion 2 The necessary and sufficient observability condition of the bearings-only system is only the necessary observability condition of the passive location system with phase difference measurements.
Numerical Analysis of Observability
The inequality Eq. (9) is the necessary and sufficient condition to have observability, so its corresponding equality Eq.(12) is the condition that renders the system state a x unobservable. 
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For a fixed target with zero velocity, the system state can be reduced to 
x t y t y t x t x t y t kr t x t y t (13)
As time-varying nonlinear differential equations, Eq.(12) and Eq.(13) are difficult to find analytic solution, which renders it necessary to look to the numerical method for an answer.
The parameters in the equations include T0 , x   T0 T T 1 2 3 4 5 , , , , , , , y x y . Under a given condition, arbitrary values may be taken for 1 2 3 4 5 , , , , , so the result must be a cluster of observer's trajectories that makes the system state unobservable.
Unobservable observer's trajectories for a fixed target
Assuming that a fixed target is in position (100, 100) km , i.e. Fig.2(a) shows the trajectories that the observer moves toward the target while Fig.2(b) back from the target. The trajectories are symmetrical about the line connecting the observer's starting position and the target. Fig.2 shows a half of the trajectories. It is known that for the bearings-only system, the observer's unobservable trajectory for a fixed target is a straight line connecting the observer and the target. Fig.2 illustrates that the phase difference system has countless unobservable trajectories which spread around this line. This example validates the Conclusion 2.
Unobservable observer's trajetories for a constant speed target
Assuming T T 0 m/s, 150 m/s x y and the other parameters the same as in Section 4.1, according to Eq.(12), the observer's unobservable trajectories are shown in Fig.3 , in which (a) shows the trajectories that the observer moves toward the target while (b) back from the target. From Fig.3 , it is easily seen that the system state is unobservable in countless unobservable tra- jectories when the observer moves either toward the target or back from the target. Obviously, this is the case in the bearings-only system too. Theoretically, this is because the passive location system with phase difference measurements becomes similar to the bearings-only system when the cyclic ambiguities have been estimated.
CRLBs of different observer's trajectories
In order to demonstrate the relationship between the observability and observer's trajectories for the passive location system with phase difference measurements, are calculated Cramér-Rao lower bounds (CRLBs) of different observer's trajectories.
In most practical applications, measurements are made in discrete times. Denote the estimate of state ( )
is calculated as follows
Lack of prior information (0 | 0)
Known prior information
where
is calculated using the actual state of the target [10] , ( | ) Fig.4(a) . Define
. This is the CRLB of position estimate. Fig.4(b) . This is ascribed to the fact that the circle observer's trajectory is observable for a constant speed target, and that the smaller its radius is, the smaller its CRLB will be. The CRLB of the two-leg trajectory drops fast after turning. This observer's trajectory is also observable for a constant speed target. The fact that the CRLB of the unobservable trajectory doesn't drop with time clearly validates the conclusion in Section 3. Define 55 CRLB2 ( | ) P k k . It is the CRLB of the estimate of 0 K . Fig.4 (c) shows CRLB2 of four observer's trajectories. It is easily seen that, CRLB2 1 when the system is observable, i.e.
cyclic ambiguities in system with phase difference measurements can be estimated exactly according to system model Eq. (3) and Eq.(4). 
Summary
The observability of the single observer passive location system with phase difference measurements is analyzed. It is presented that the necessary and sufficient observability condition for the bearings-only system is only the necessary observability condition for the passive location system with phase difference measurements.
In order to demonstrate the relationship between system's observability and observer's trajectories and validate the conclusions, examples of unobservable observer's trajectories are given; CRLBs of different trajectories are figured out by simulation.
Finally, we conclude that, using the long base-line interferometer to measure phase differences of signals enables the single passive observer to locate the emitter effectively.
